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The Staqe:
within {SM’ charm decays | dutt’!

N

e 'lV(“)‘ &1V(c131 well known via KM u.n'&w&y ‘\

o slow D°-1° oscill., small &P,
‘tlny BR's for rare a(e.cays /

/-/

gy

--b  probe QCD in novel environment

under controlled Lab. conditions
=4 a.ppl.\, wn btauf\, dtcays

searches for New 'Pk\,slcs with small SM Bkgvd.

_Bgnchmarks:
reach SM level for L'Do--ﬁ" oscill. 8 GP

Tools:
2"& 3v.ngraﬂov\ theoret. 'h.dmolosles
cho.rmA lnaud‘y
QcD SR's < +

o Lattice QCD —_—
— ’/me expons. <
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l

Ouﬂine,

I Worthy Open Questions

~ JT Renchmarks for Further Studies
IV The New Generation

~ Disclaimer: wilt not discuss charm production

(Ltading particle effects,
assoctated & diffractive product.
corvebations

)
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I Opcn Quzsiiom Worﬂ\y of an Answer

(A) Lifetimes

QCD pudic‘(‘.('/»_\ajxp.) dato '9Y4 d‘h.’%
(D) ~2 2504005
(D)
~(D,) [+ few=0.01 (.1320.05
~ (D°) |
(=)

3 ~ . 020,
T 1.3 [.68205 2.0:07%
(=) ~ 2.8 2462075 40215

- (=)
- Q(D‘D ) - ) Q(A :.:"c - !
o o), B e 1+ 00%2)

motivation for further s{ud\,

- dlsenfqnak non-s pectator effects

~n G( ./mt ) '/m‘:)
— gauge indirec{(\/ o '/m:) terms

\ : ’ .
Charm decays as nature’s microscope

for
Beauf’ d&cays !
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(B) SL Decays
@ total wul.ﬂ-s

-  eEm s T g v~ W

BR, (DY) = 1.2219%% ~MKE o~ 1%

| +321.2°% . S~ 167/
B'RsL(Do) = ° o, ’c
69%+0.18+¢030% CLEO &~ 5%

3R.sx. (Ds)" %
3KSL(AC)Ec)= ?

w—k'ﬂ - (D)% s (A

— calibration -Qoih‘f for

T, (B) = | V()

@ inclusey ve tp‘l: on spectra

40 (4, —2X) = | Veed)| 1Vtes)|
Yo, —D , D% D, A,
¢ 0
i 2‘< 25,,
s 3
0 D, ?

th.' calibration for
% (R --olX) =$ IV(cﬂ)l, '(eX3)
- :
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exc(usln'. SL dcco,f_

r
i‘_g-i (D~1v Kw‘fv'lr/_g) measure rather than assume it

wh
o compare with Lattice QCD & QCD SR’

— Some lessons for B— £y D@),IV 'V/g

(C) Exclusive NL De.ca\_rs

@ absotute BR

~at present: § 3R( D—f)~ 5-10%
S‘BR(Ds—O‘F) ~ 30° 2
O BR(A —f) ~ 2
dBR(Z —f)~ 2
,wkzl : C
— engineering u»pd
- By— v Dw
o (3)§ = |V(cﬂ>)l g formfactors
A‘—‘zy A‘ ). n

3R(D¢)nAc)
= charm contest in B decays.

expv.d' ~ L15=0L3 charm /3 decay
obseve ~ | charm /B decay  BR(D,,A):2

189



"BSwW’ description { factorization etc.)
separately for Cabibbe allowed, Ix and 2x suppressed

modes of D, D A
\ |
:—Y] — wuncover /Ldmﬂf" deviations from factorization
— extract (nfo on sﬁr«s phase shifis)
me'ﬁzr Pre_o(i.c‘ti.ons on direct GP (su. la*er)

(D) Rare Decays

] + n*
O D.D, — ply,,xv
QCD predict. data

‘F) 200239 MV < 290 MY 90% C.L. MkIM

f, 235235 MV 23245220248 MY WATS
344333+ 523 Y2 MY CLEOD
LHor BR(D, —~&or)=3.3%]

f& 1S <1, 2

fD

wh!’
— probe QCD

— calibrate .predicﬁons for fB;f'B
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noth inj known

why|

— per se not excdm
s d ‘ us

BSEED SHIP S

3‘*2;“/3/“ D'—yg" D —ygt/KTY
BR(D — yK™)~ 1075 _ 0™

— calibration for extraction of |V(td)

T(B—yglw) T
:{f + \./;
3 i~

£(Ivaay)) £( Vb))

J YA
T’(B—ox'(') 3 f
R

q 3
£ (1Vets)l)

-l
og

— NP: non-minimal SUSY

q_\-

| (D-' /w)
L P
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- oEn e S @mn QU WES s e o bGoes e S e e

(E) D°-D° Oscilt.

SM:. «» F(D:—.fx') ~ OC10°Y)
DD —*x)

Urdi g
°£:ZK \i'ﬁo
N —
\"WK/

LD dynaﬁn;cs in SM!

3

s < 3F .10 90°% C.L. E 691

< 43x10 E?9 (A date set)

NP could 3ewera‘l‘e Ty WP 4o ~0.5¢,
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(F) &P
@ Direct &P

—— s " am e M e

(a) total rates

T(D—F) vs. (D—F).

90%, C.L. level

-“./. <ACP< 16 e
-3.6% <A <178 %

"q’,g <AC,< 8’ e./e

- 33%, <ACP< 9'4 0/°

-3+58%< Acp< 21,

- 1.5% <Ac;< 15.% %,

- 6% < AC?< ER A

mode measured asymm,
D’ — KK~ 0.024 + 0,084
0.0%1+0.065S
D'— KKt ~0.031 1 0,048
D—ek*°Kk* -0.1220.13
D'— ot 0.066 £ 0,086
T D =K ¢ -0.005 £0.06%
D’ — Kym° -0.611 £0.030
whyl

-~ NP

(8) T odd correlations

SM effects in Calibbo Supp. modes < 0(0.|°/°)

. ”\ka & 0( “/o)

.9 :D+’—0 KK mwTw® vs. D — KK o 2®

@_ -t -t -l ' © - -
qu = <Pme'(9x+*P.<»)> VS, Nw=<p e°(.p‘

whyl  _ nothing known
- could b¢ larac.r effects
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i @ C? uwalvmj D°- D° oscill.

o s s Sem cwm eume e = - ems e e eme e —

D
™S -
\.\/A‘f \y/‘;
for f=Ff ' l

-t
F(O° —Ft) = ° | T =D (1-Imig, sintmt)

-l"-l-

T(D°— ;1) = I T = (1+Imd 3, sindmgt )

t

- =‘|_'£5°—of)
3% T(r=)

PD=H -N(D—f)  smy +

1’;r (+) =+ . .
<P \"'/,)'—..‘f*)-lbr'(l) q.f4\ r,a ’1'3 13,
{ | .
o Ao(t)=0 f Bmy=0
2
° ‘73 ;.(6‘1:‘0)' 05-|Q > b‘O‘

.b

4 A 2 (1) £ ouu;; - Imd g,

w_iJ - ‘ ‘ > o = 9.22. 3=
YRS, 016> 1A, | - =2+ I i
- SM. ? ~O(0™) ; Imdg, £ 007)
NEIROY: lo“'
- = NP: 6‘_';3 <01 . . JImd ¢S~ ©(0.1)
L.e. A"('l') ~ | ®/s concetvable

‘vaero bkgrd. search for NPV’
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.- -t tump com e cus e - emn o o e Gmm Sw—

Vs,

<f |

° -t .
TO —F ) = | T O (1= Imig, sindmst)

- ” e -N+.__ - 2, . \
PID"—F;4) = " | T@~HI (1+Im1 3, sinbmyt)
FoT(~f)
£ (D —fd = (D’ F)
\ ()= S e — 2, My t =
o™ DY =f)+ P =)~ T 7, 1’

£
‘M:‘AC?(f)‘EO of AMD-:O

;X
om -

D s

| 4A4 (4)€ 012 i3
P ""t'b']mrgf

'
"’lY_J - mo.m IA:: | = g%""""ﬁm-
~ SM. egf ~O000™) ; Imd g £ OC107Y)
v At 107
= NP: &M . o4 ; 3m%§‘~ ©(0.1)
ie. AL W)~ 1% conceivable

'f~3ero bkqrd. search for NP z,
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?I Answus Expcc’cto( ‘From On-so;na i APPnygd, Expgrim . '

F-T experim. ot FNAL (2 CERN)
CLEO

RES
MSLAC/KEK ASYmm. 3 ‘FC\C'tOt.(&S

* more precise deta on (D) g (=)

e ("(Ds-alx),g(D,-.LX),BK(D,—NM) (BES)
¢ 3BR(D = Kw Kyn)<5%

o BR(A, = pKm) via =, —Aaw 2

C 85, 855, ¢ 207

e mopping out DCSD of Dg D mesons

o« BSW’ type awmlysls szpowa'h,(\, to
Ceabibbo muowci, I and 2x SWpp. ole.cays of D' D_s (& Acz)

o detailed studies of exclusive SL decays of D D, A,
o D°-—IS° oscill. down to TV o) 2

e CP Asymm. down to a few
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[Iﬂ'_ Benchmarks f. Further Studies

questi.ons left withest (satlsfac‘tory) answers

o absolute BR's for Dy, A, =, decays

with 3 BR ¢ 10%
[ §B3R(D°, D)~Cu) 2]
. T(Z:'d) with x‘\:('.'-.':‘°) S
v (Q.) with d2(Q )< W0’

T{D, — LX), T(A, — LX) with 8T, (D;,A)<5%
%g (D/D /A, — LX) =p VD] with SIVEcd)£10%
3 )

e M(D'/D, —FV) with ST 0%
e BR(D — KK*)_' with BR~ 107°- 107"
BR(D— ygfw) =+ BR~10- 1078
o« BR(D — L' K""./qr/_g/w) with BR~107-10% 2

Y charm olc;cqys as & QCD ab ’

197



> search for N'1> !

. R = 'BR(D-—-IS/w)

= . 2 °
¢ = RO Tk with §( Ry-190,1) € 507

. 'D°-5' escill. down to v < 107" 2

[
o« &P
- C?P Asymm. in D°-D° oscill.
SM: f(rl* -40°L)
st « ¢ ) s
®(15?)
TSN

< 10}
ARCA &CM (W N

- CP asymm. 'u\volvinb -1 oscill.
T(D* — Kﬂ( Kw%t) s, \"A(‘I-)'-—-::f.-lksm';f)

SM: asymm, & Gcie™Y)
NP: could be as (.qrsc as OC1°)

— direct &P

@ (D —5+0) vs. C(D—s S:0)
SM: asymm, £ O(lO.z) (see bt.low)
NP: could be £ 1%

® T(D = S«-1)vs. T(D —S-41)
SM: asymm= O (3 aslu:(g Wlif.or\ly'.]
NP: « ~0U%)

® F(D~— S +)vs. T(D = S<-1)
SM: asymm.v O
NP: o ~010%)7

@ Cc? asymm. in final state dishi‘.ﬂ)ali{z plots

te.
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have assumed

D/Ds — PP, PV,VV already downe well

e some lessons on QCD: \'quariiaﬂoh' only ApproXin
of non-universal validity

with
jo sisnlflcun‘l' implications for pveiicﬁha stze of
(mainly) direct ok
T(D —f) = ew'ew' 0+ eh‘&éh ™,

Loy

TB=F)-e e ne,+ ',

[T = =] TB=TI" = 4 sinlaj-0, ) sinly,-p,) T W,

Comprehensive analysis of D/‘D, — ‘P’P’?V' YY

s info on B, Wy o, «,
Y /

nat small for D d&c«y_g

[TD—#31" = s G + 2 cosle, - ) cos (g, ) W2,

+ 2 sin( o, - o) sin(q,-9,) M,m;
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:E The Next Generation - for the Next Millenwum

(A) CHARM 2000

”’. Statestices

systematics

(=)~ () /v /

D/ D: — ,—-"V /Y 2

D—ab«k.,xg/w // 22

D — K(.)/'u /g - // 2
absolute BR's V4 22

_,,_Qd,.r‘
ic, (Ho —2X) 2
D°-5° oscill. v/ 2
T, < lo~* .
e® 3 0.1% N 2
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(B) ~ -charm Factory

apart from Lifetimes v-¢-F can do it all -
in principle and at a price
clean measwrements & no parasitic measurements

Menw
© " —DD

 absolute BRs with §BRID)~ 6CI%)

e BR(D—1X)
L |

d€,

e« D— ¥ K /g/w

- D -orv

e D°-D° oscill.

Je — D' Y
@ Lba L‘D°K

e D°-D° oscill.

« PR 'uwolvf.ns D"- D° oscill,

‘ (i) e*e”™ — D, D
e absolute BR
« 474¢,
* Do —pty
* Dy =g
direct ©F
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@ e — A‘X

e absolute 'BK
° ‘BR(A‘-OIX)
) dr'/dE‘

o - _+-:- —-‘:.
O ct — = . =, =

® abs::lufe 3R
o BR(E#—-!X)

o+ bo«.ksround. TWRS
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Conclusions

3 wmajor case for a si.snl'flc.un* new initeative

wn charm 'kyslcs
one candidate: - charm ‘fadiohy,
Prlmary pur pose of ~x-c¢-%F.

sfucly QCD in novel environment under controlled Lab,
conditions

e charm decays
® ) -d ”»

e cha.rmanlumrsped:rcsco'y g transitions
) 'l.i.akk 19\”& /SLwnnls SPerOScopy

g —f.-hy bhather 2
' — intrinsic inteyest
- calibrate tools for bew&, dt.ca\,s —

main items on charm arno‘m

~ absolute BRs for D, D, A,
- T.(D,D A

d
- IE‘P(’D,D,,A‘—”QX)
- D", D, —-.f:v
- D— KK./S [w
(i) Can it be done without T-¢-3 2

W) » v . » ot r-c-T 2
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secondary purpose of v-c-F,
search for NP
e T decays: | V+A,1”°( class currents ...
e charm de.cays

most SLghlfi.can‘l' tem own csae.no(c\

Jed
.~ c?P asymm. antvlnj D°-D° oscill.
SM: 20
NP: £ few /s
— direct BF (n Cabibbo allowed D d,ecays
SM: =0
NP: ¢ OC*)
— direct T¥ in  2x Cabibbo suppr. D de.cays
SM: «0 .
NP: < 10-20°%,

— direct B2 in Ix Cabibbo suppr. D decays
SNI < O’(O.l olo)
NP: £ few %

ca\)ea‘l: 'Fi.sl\ina expedition with no useful lower bound.
on size of fish ¥
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can fc'-c.-g Provicle. omswusz

behckmmks/ckalhnsuz
~® energy reach
e — Qca; *neat’
‘desirable’

< — A AL essential

e statistics [systematics

- enousk Lum. ... to 3¢.f.ﬂ\ros\°k menu

- CP asymm.
@ down to O(0.1°%) in Cabibbo allowed & Ix supp.
decays

@ down to OCI%) in fimal stote distrib.

down te OC1°%%) in DCSD
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